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	 Diabetic wound healing remains a major clinical challenge due to persistent 
hyperglycaemia-associated metabolic disturbances, oxidative stress, chronic inflammation, 
impaired angiogenesis, and defective extracellular matrix remodelling. Unlike normal wound 
repair, diabetic wounds are frequently arrested in a prolonged inflammatory phase, resulting 
in delayed epithelialisation and chronic non-healing ulcers.  Increasing evidence indicates 
that oxidative stress and inflammation act as interlinked pathological drivers in diabetic 
wound progression, forming a vicious cycle that amplifies tissue damage and suppresses repair 
processes. Excessive generation of reactive oxygen species activates redox-sensitive signalling 
pathways, including NF-?B, leading to sustained release of pro-inflammatory cytokines 
such as TNF-a, IL-6, and IL-1ß, which impair fibroblast function, collagen synthesis, and 
neovascularisation. Conventional therapies, including dressings, antibiotics, and growth factors, 
often show limited success due to high cost, adverse effects, antimicrobial resistance, and failure 
to address underlying molecular dysfunctions. Medicinal plants have emerged as promising 
alternatives owing to their multi-target actions, antioxidant and anti-inflammatory properties, 
cost-effectiveness, and accessibility. Evidence from streptozotocin-induced diabetic animal 
models demonstrates that plant-based therapies enhance wound contraction, reduce oxidative 
and inflammatory biomarkers, promote collagen deposition, and improve histopathological 
outcomes. Moreover, molecular docking studies provide mechanistic support by revealing 
interactions between phytochemicals and key inflammatory and oxidative targets. However, it 
is important to note that the majority of available evidence is derived from preclinical animal 
studies, with limited well-designed clinical trials in humans. This highlights the need for further 
clinical validation to establish safety, efficacy, and translational applicability of plant-based 
therapies in diabetic wound management. This review highlights the therapeutic potential 
of medicinal plants and emphasizes the need for standardized formulations and integrated 
experimental and molecular approaches for effective diabetic wound management.
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	 Diabetes mellitus is a chronic metabolic 
disease that is manifested by persistent 
hyperglycaemia and is caused by impairments 
in insulin secretion, insulin action, or both. 
Diabetes has been a significant health issue in 
the world in the last several decades, driven by 

rapid urbanization, sedentary lifestyle, and dietary 
changes. The International Diabetes Federation 
reports that over 530 million adults worldwide 
were living with diabetes in 2021, with this figure 
expected to reach over 780 million by 2045 unless 
the current trends are reversed. .[1] Diabetes is 
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connected with several chronic complications of 
the cardiovascular system, kidneys, nervous system 
and skin, leading to increased morbidity, mortality, 
and healthcare expenditure. Impaired wound 
healing is one of the most debilitating conditions of 
diabetes among others. Diabetic ulcers are chronic 
wounds especially diabetic foot ulcers, which occur 
in about 15 to 25 percent of diabetic patients during 
their lifetime. They are wounds that take a long 
time to heal, are highly vulnerable to infection and 
recur frequently. Diabetic wounds are the primary 
cause of non-traumatic lower-limb amputations 
in the global society and they significantly reduce 
quality of life of the patients and cause a heavy 
financial burden to the health care systems.2

	 Although wound care technologies 
have improved, diabetic wound management 
has not been effectively done. The traditional 
treatment interventions involve debridement, 
pressure off-loading, infection control, growth 
factor therapy, and the use of advanced wound 
dressings. Nevertheless, these strategies are 
proving to be limited efficacy because of ineffective 
vascularization, neuropathy, compromised 
immunity and inflammation that persists at 
the wound site. Moreover, synthetic drugs and 
antibiotics can also cause long-term consequences 
with which include adverse effects, antimicrobial 
resistance, and high costs of treatment. Therefore, 
safer and multi-target therapeutic approaches 
are urgently needed. Normal wound healing is a 
process that is highly controlled as it consists of four 
overlapping stages in which they are haemostasis, 
inflammation, proliferation, and remodelling. A 
coordinated interaction between immune cells, 
fibroblasts, keratinocytes, endothelial cells, 
and extracellular matrix components is needed 
in each of the phases. In diabetes, molecular-
level dysregulation of this finely tuned process, 
which causes chronic inflammation, inhibition 
of angiogenesis, impaired collagen synthesis, 
and defective tissue remodelling.3 Each of those 
changes is associated with underlying molecular 
processes that can be identified to develop new 
therapeutic targets and enhance clinical outcomes 
in healing diabetic wounds.
	 Oxidative stress and chronic inflammation 
are also considered to be the key factors that 
lead to the slow healing of wounds in diabetes. 
Oxidative stress and inflammation are closely 

interconnected, contributing to impaired wound 
healing, as discussed in later sections.
	 This article is a narrative review aimed 
at summarizing the role of oxidative stress and 
inflammation in diabetic wound healing and 
the therapeutic potential of medicinal plants. A 
comprehensive literature search was conducted 
using electronic databases including PubMed, 
Scopus, Web of Science, and Google Scholar. 
Relevant articles published between 2000 and 2025 
were considered.
	 Keywords  u sed  fo r  t he  s ea rch 
included “diabetic wound healing,” “oxidative 
stress,” “inflammation,” “medicinal plants,” 
“phytochemicals,” “Nrf2,” and “NF-êB.” Both 
original research articles and review papers were 
included to provide a broad understanding of the 
topic.
	 Studies were selected based on their 
relevance to the mechanisms of diabetic wound 
healing and plant-based therapeutic interventions, 
including in vitro, in vivo (animal), and in silico 
studies, as well as available clinical evidence. 
This review does not follow a systematic review 
protocol but aims to provide a comprehensive and 
integrative overview of current knowledge in this 
field.
	 Normal Process of Wound Healing: 
Wound healing is a complex and highly controlled 
biological phenomenon that reestablishes tissue 
integrity following damage that are regulated by 
interactions among cells, growth factors, cytokines, 
and the extracellular matrix. Any disruption in these 
tightly regulated processes, as observed in diabetes, 
leads to delayed or impaired wound healing.
Phases of woundhealing
	 Haemostasis: Haemostasis is the initial 
stage of wound healing and occurs immediately 
after tissue injury. It entails the constriction of the 
blood vessels and combining platelets to avoid 
blood loss. Activated platelets secrete clotting 
factors and growth factors including platelet-
derived growth factor (PDGF) and transforming 
growth factor-b (TGF-â), which form a provisional 
fibrin matrix and initiate subsequent repair 
responses.4

	 Inflammation: Unlike haemostasis, the 
inflammatory phase follows injury and normally 
lasts several days. At this stage, neutrophils and 
Macrophages are recruited to the wound site to 
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eliminate debris, pathogens, and necrotic tissue. 
Macrophages also play a major role by releasing 
cytokines (TNF-á, IL-1â, IL-6) and growth factors 
that control fibroblast activation, angiogenesis and 
re-epithelialisation. Normal healing requires the 
modulated inflammatory response, but persistent 
inflammation may slow down the process of tissue 
healing.3,4

	 Proliferation: It is a rapid stage in which 
tissue growth and wound bed healing take place. 
The fibroblasts grow and develop extracellular 
matrix proteins, especially collagen. Keratinocytes 
migrate from the wound margins to re-epithelialize 
the surface as endothelial cells create new blood 
vessels by angiogenesis. A characteristic of this 
stage is the formation of granulation tissue, which 
is an assembly of fibroblasts, new capillaries, and 
provisional matrix.5

	 Remodelling: Remodelling is often 
referred to as the maturation period and may take 
weeks or months. At this stage, collagen type III 
formed during proliferation is gradually replaced 
by the stronger collagen type I, the number of 
fibroblasts is reduced due to apoptosis and newly 
formed blood vessels regress as the tissue gains 
strength. An appropriate remodelling enhances 
tensile strength and normal tissue structure, but 
healed tissue is seldom as strong as uninjured 
skin.5(As shown in fig 1).
Key cellular and molecular events
	 F i b r o b l a s t s ,  k e r a t i n o c y t e s  a n d 
macrophages: Fibroblasts play a vital role in 
repairing the wound because they are involved in 
producing collagen, fibronectin and proteoglycan 
which constitute the extracellular matrix. They 
also differentiate into myofibroblasts, which 
contribute to wound contraction by migrating and 
proliferating, keratinocytes are important in the 
process of re-epithelialisation in order to cover the 
wound surface. Macrophages serve as regulatory 
cells and organize healing by removing debris and 
releasing cytokines and growth factors that regulate 
inflammation, angiogenesis, and extracellular 
matrix deposition.6,7

	 Collagen Synthesis and Angiogenesis: 
Collagen production is also the key to tissue 
integrity and strength. Fibroblast activity and an 
adequate oxygen supply are essential for proper 
collagen deposition Angiogenesis is necessary 
to supply oxygen, nutrients, and immune cells 

to the wound site. Some important mediators of 
angiogenesis are vascular endothelial growth 
factor (VEGF) and fibroblast growth factor (FGF). 
Development of weak granulation tissue and slow 
wound repair is caused by impaired collagen 
synthesis or decreased angiogenesis.3,7

Pathophysiology of Diabetic Wound Healing
	 Metabolic and molecular perturbations 
caused by chronic hyperglycaemia significantly 
hinders diabetic wound healing. One difference 
between the normal and diabetic wound repair is 
that diabetic wounds have a prolonged inflammatory 
response, poor angiogenesis, defective collagen 
production, and impaired immune responses which 
cause the development of chronic non-healing 
wounds.
	 Effect of Hyperglycaemia on Tissue 
Repair: The chronic hyperglycaemia is the major 
cause of impairment of wound healing in diabetes. 
High glucose levels enhance the development of 
advanced glycation end products (AGEs), polyol 
pathway activation, and oxidative stress, each 
of which contributes to protein, lipid, and DNA 
damage at the cellular level. Hyperglycaemia 
also changes signalling mechanisms of cell 
migration and proliferation leading to fibroblast and 
keratinocyte dysfunction. These changes disrupt 
the normal wound healing process at multiple 
stages and postpone healing of tissues.8

	 Impaired Angiogenesis: In diabetes, 
angiogenesis fails to meet the needs of the healing 
tissue to provide sufficient oxygen and nutrients 
to the healing tissue. Hyperglycaemia inhibits 
endothelial cell proliferation and migration and 
downregulates the expression of pro-angiogenic 
factors like vascular endothelial growth factor 
(VEGF). Moreover, oxidative stress causes 
excessive damage to endothelial cells and inhibits 
the availability of nitric oxide further reducing 
the ability of blood vessels to form. Effects of 
reduced angiogenesis include tissue hypoxia and 
insufficient granulation tissue development which 
causes delayed wound healing.8,9

	 Delayed Collagen Deposition: Collagen 
synthesis and remodelling play a key role in 
the restoration of wound strength and integrity. 
Fibroblast dysfunction induces a reduction in 
collagen synthesis and extracellular matrix 
structure in diabetic wounds. Excessive activity 
of the matrix metalloproteinases (MMPs) that 
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break down newly synthesized collagen is also 
encouraged by hyperglycaemia-induced oxidative 
stress. This results in weak granulation tissue 
and reduced tensile strength and delays wound 
remodelling.9

	 Reduced Immune Response: Diabetes 
has been linked to the loss of both innate and 
adaptive immune responses. The neutrophil 
chemotaxis, phagocytosis, and bactericidal activity 
is impaired making the wound more prone to 
infection. Due to macrophage dysfunction, the 
release of cytokines and growth factors is disrupted 
and which interferes with the transition from the 
inflammatory to the proliferative phase. This 
defective immune response that is associated with 
chronic inflammation, delayed pathogen clearance 
and impaired wound healing in diabetic patients.9,10

Role of oxidative stress in diabetic wounds
	 Hyperglycaemia-induced ROS: Oxidative 
stress is a key factor in the pathogenesis of 
impaired wound healing in diabetes. It occurs 
when the rate of generation of reactive oxygen 
species (ROS) is too high to be countered by 
natural antioxidant defence mechanisms, resulting 
in cellular and molecular damage within wound 
tissue. Continuous oxidative stress in diabetic 
wounds disturbs the normal healing process due to 
its effects on cellular function, extracellular matrix 
remodelling and inflammatory responses.
	 Mitochondrial Dysfunction: Mitochondria 
are a major source of ROS in diabetic conditions. 
Hyperglycaemia increases flux through the 
mitochondrial electron transport chain, resulting 
in electron leakage and excessive superoxide 
production. Mitochondrial dysfunction impairs 
cellular energy metabolism and promotes oxidative 
damage to mitochondrial DNA, proteins, and 
lipids. In wound tissue, mitochondrial dysfunction 
leads to reduced cell viability, impaired migration 
of fibroblasts and keratinocytes, and delayed tissue 
regeneration.10 (As shown in fig 2).
Impact on wound healing
	 Damage to Proteins, Lipids, and DNA: 
Excess ROS can cause oxidative damage to 
proteins, lipid peroxidation of cell membranes, and 
DNA strand breakages. These molecular alterations 
compromise cell integrity and cellular function, 
impairing cellular signalling, reducing growth 
factor responsiveness, and increasing cell death. 
These damages in diabetic wound undermine the 

process of granulation tissue formation and delay 
the transition from inflammation to proliferation.7-10

	 Inhibition of Fibroblast Migration:  
Fibroblasts play a vital role in the production of 
collagen and the development of extracellular 
matrix. Oxidative stress suppresses fibroblast 
proliferation and migration disrupting cytoskeletal 
organization and growth factor signalling. Reduced 
fibroblast activity results in decreased collagen 
deposition and reduced tensile strength of the 
wound and this fact is associated with delayed 
healing of diabetic wound.11

	 Delayed Epithelialisation: Keratinocyte 
movement and increase are essential to the re-
epithelialisation of the wound surface. Oxidative 
DNA damage and alterations in cell–cell adhesion 
indicate dysfunctional keratinocyte activity under 
conditions of elevated ROS levels. This results 
in delayed healing of the epithelial lining and the 
extension of the wound bed, which leads to a higher 
risk of infection and the development of chronic 
ulcers.12

Oxidative stress biomarkers
	 M a l o n d i a l d e h y d e  ( M D A ) : 
Malondialdehyde has been widely used as a 
biomarker of lipid peroxidation and oxidative stress. 
High levels of MDA in diabetic tissue demonstrate 
that there is more damage to the membranes and 
oxidative injury associated with delayed wound 
healing and poor tissue regeneration.13,41

	 Superoxide Dismutase (SOD): Superoxide 
dismutase is a key antioxidant enzyme, which 
converts superoxide radicals into hydrogen 
peroxide and oxygen. Low SOD activity in 
diabetes is an indication of a hampered antioxidant 
defence resulting in the accumulation of ROS and 
subsequent oxidative damage within the wound 
site.13

	 Reduced glutathione (GSH): Reduced 
glutathione is a significant intracellular antioxidant 
that helps to shield cells against the adverse 
effects of oxidation and ensures a redox potential 
factor. Reduced GSH levels in diabetic conditions 
undermine cellular defence systems and contribute 
to impaired wound healing mediated by oxidative 
stress–induced damage contributes to impaired 
wound healing. Improved wound healing has been 
linked to restoration of GSH levels.14

Role of inflammation in diabetic wound healing
	 Inflammation is an important early 
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inflammation process in normal wound healing; but 
in diabetes becomes dysregulated and prolonged. 
Inflammation in diabetes mellitus is chronic 
and low-grade in nature, which is the key factor 
in the wound healing delay. This results from 
persistent inflammatory signalling that disrupts 
cell migration, angiogenesis, and remodelling of 
the extra cellular matrix ultimately resulting in 
persistent non-healing wounds.
Chronic Inflammatory State In Diabetes
	 Prolonged Inflammatory Phase: In normal 
wound healing, the inflammatory condition is 
temporary and goes away as the wound reveals 
into the proliferative phase. In contrast, diabetic 
wounds remain in a sustained inflammatory 
state Hyperglycaemia promotes continuous 
recruitment of inflammatory cells of neutrophils 
and macrophages that leads to the persistent 
generation of pro-inflammatory cytokines. This 
ongoing inflammation delays the transition of the 
wound into the tissue formation and remodelling 
phases thus hampering wound closure.3,14

	 Dysregulated Immune Response: Diabetes 
is linked to the defect in both innate and adaptive 
immune responses. This causes dysfunction of 
neutrophils resulting in a loss of chemotaxis 
and phagocytosis and an aberrant phenotype of 
the macrophage that oversecretes inflammatory 
mediators and underproduces growth factors to 
facilitate healing. Such an unregulated immune 
response result in a reduced clearance debris and 
pathogens, increased susceptibility to infection and 
prolonged wound inflammation.15

Key inflammatory mediators
	 Tumour necrosis factor-a (TNF-á): TNF-á 
is one of the major pro-inflammatory cytokines 
that is significantly increased in diabetic wounds 
Overexpression of TNF-á inhibits fibroblast 
proliferation and collagen synthesis and stimulates 
apoptosis of endothelial cells and keratinocyte. 
Increased TNF- á is closely linked to the delayed 
wound healing processes and failure to develop the 
granulation tissue.4

	 Interleukin-6 (IL-6): IL-6 has a dual role 
in regulating the immune responses and tissue 
restoration; nevertheless, chronic overexpression of 
IL-6 in diabetes is causing extensive inflammation. 
High IL-6 concentrations also disrupt keratinocyte 
migration and angiogenesis and are associated 

with delayed keratinization and prolonged wound 
persistence.5

	 Interleukin-1â (IL-1â): IL-1â is a strong 
inflammatory mediator that participates in the 
recruitment and activation of leukocytes. In 
diabetic wounds, hypersecretion of IL-1â promotes 
degradation of the matrix through activation 
of matrix metalloproteinases and inhibits the 
activity of the fibroblast, further delayed the tissue 
regenerative process.6

	 NF-êB Signalling Pathway Nuclear factor-
êB (NF-êB) refers to a key transcription factor 
that controls the expression of genes involved in 
inflammatory processes. Oxidative stress triggered 
by hyperglycaemia activates NF-êB signalling, 
which results in the upregulation of TNF-á, IL-
6, and IL-1â, among inflammatory mediators. 
Persistent NF-êB activation promotes a chronic 
inflammatory state that disrupts angiogenesis, 
collagen production, and wound remodelling.7

Consequences of excessive inflammation
	 Impaired Granulation Tissue Formation:  
Granulation tissue formation required a balanced 
inflammatory signalling and fibroblast activity. 
The excessive inflammation inhibits fibroblast 
proliferation and extracellular matrix deposition 
and produces dispersed and disordered granulation 
tissue in the diabetic wound.12

	 Reduced Angiogenesis :  Chronic 
inflammation has an adverse impact on angiogenesis 
by preventing endothelial cell migration, as well as 
lowering the expression of pro-angiogenic factors 
including vascular endothelial growth factor 
(VEGF). Decreased angiogenesis causes hypoxia 
of the tissues and lack of sufficient nutrients, which 
further delays the healing process of the wounds.16

	 Chronic Non-Healing Ulcers: Impaired 
angiogenesis, together with dysfunctional matrix 
remodelling and chronic inflammation, contributes 
to the development of chronic non-healing ulcers. 
These are very prone to infection, recur often and 
cut across the board of morbidity and amputation 
of the limb among diabetic patients.17

	 Interactions between Oxidative Stress 
and Inflammation in Diabetic Wound Healing: 
There is a tight interrelationship between oxidative 
stress and inflammation, which act synergistically 
to undermine wound repair in diabetes. Instead 
of working separately, excessive production 
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of reactive oxygen species (ROS) and pro-
inflammatory mediators and pro-inflammatory 
mediators support each other to establish a self-
sustaining pathogenic loop that maintains wounds 
in a chronic, non-healing state.
	 ROS-Induced Activation of Inflammatory 
Pathways: Activation of various redox-regulated 
inflammatory pathways by hyperglycaemia 
induced ROS over production. ROS activate 
transcription factors as nuclear factor -êB (NF-êB) 
and activator protein-1 (AP-1); which cause pro-
inflammatory cytokines, chemokines and adhesions 
to be transcribed more. Prolonged activation of 
NF-êB in diabetic wounds increases the levels 
of TNF-á, IL-6, and IL-1â and extends leukocyte 
recruitment and maintain an inflammatory 
microenvironment which suppresses transition 
into the proliferative phase of healing.18 Also, ROS 
increase inflammasome activations, which further 
boost the release of cytokines and tissue damage.
	 Oxidat ive  Damage Mediated by 
Cytokines: Cytokines that are produced in 
chronic inflammation also contribute to further 
oxidative stress. TNF-á and IL-1â trigger NADPH 
oxidases and mitochondrial dysfunction, enhance 
intracellular ROS production in fibroblasts, 
keratinocytes, and endothelial cells. These 
cytokines also diminish intracellular antioxidant 
defences e.g. superoxide dismutase (SOD) and 
reduced glutathione (GSH) thereby reducing 
the ability of the tissue to counteract ROS. The 
oxidative stress leads to the destruction of cell 
migration, angiogenesis and remodelling of the 
extracellular matrix, critical processes involved in 
wound repair.7,19

	 Delaying Wound Repair through a 
Vicious Cycle: A bidirectional relationship 
forms a vicious cycle in diabetic wounds. excess 
ROS cause inflammatory signalling, whereas 
chronic inflammation produces more ROS, 
both of which sustain tissue damage and cannot 
resolve the inflammatory stage. This loop inhibits 
fibroblast proliferation, inhibits keratinocyte 
re-epithelialisation, angiogenic responses, and 
enhances matrix degradation mediated by matrix 
metalloproteinases. Therefore, the wounds fail to 
progressed to the proliferative and remodelling 
stages, which leads to chronic non-healing ulcers.20

	 It would therefore be logical to focus 
on inhibiting oxidative stress and inflammation 

simultaneously to break this cycle. The use of 
single agent that is both an antioxidant and anti-
inflammatory, and agent such as extracts from 
medicinal plants, hold the most potential in the 
re-establishment of redox homeostasis, prevention 
of excessive inflammation, and the enhancement 
of a coordinated wound repair process in diabetic 
patients.
Current therapeutic approaches and limitations 
in diabetic wound management
	 This aspect presents various management 
of diabetic wounds based on the goal of reducing 
infections, tissue healing and complications. Even 
though some therapeutic options are in place, 
they fail to work effectively in the presence of 
diabetes as there are metabolic and molecular 
abnormalities that compromise their efficacy in 
diabetic conditions.
	 Convent ional  Wound Dressings: 
Conventional wound dressings, such as gauze, 
hydrocolloids, foams, alginates, and hydrogel 
dressings are frequently applied to the wound 
bed to maintain a moist wound environment and 
protect the wound site from external contamination. 
There are also advanced dressings that can be used 
to permit autolytic debridement and removing of 
excess exudate. Although such dressings offer 
the fundamental wound care value, they do not 
actively mitigate underlying molecular defects 
of the wound like oxidative stress, persistent 
inflammation, and dysfunctional angiogenesis 
typical of diabetic wounds. Consequently, the 
recovery process is slow and incomplete among 
most of the patients.13,21

	 Antibiotics and Growth Factors: in terms 
of antibiotics and growth factors has been widely 
used in the treatment of bacterial infection and 
diabetic wounds. Recombinant platelet-derived 
growth factor (PDGF), which is growth factor-
based therapy, has also been given to promote 
cell proliferation and the formation of granulation 
tissue. Although the methods may be productive 
in specific situations, their general effectiveness in 
clinical practice is inconsistent Antibiotic therapy 
does not directly promote tissue reconstruction 
and prolonged usage can result in antimicrobial 
resistance. On the same note, the growth factor 
therapies are usually not very effective because 
they are quickly degraded, they show limited 
penetration into ischemic tissue and the diabetic 
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cells do not respond to growth factor signalling in 
the most effective way.8,22

	 Limitations of current Therapies: modern 
technologies do not eliminate the fact that 
current therapeutic methods of diabetic wound 
healing have several major drawbacks. The cost 
of treatments and the fact that patients require 
long-term care exert a huge financial strain on 
the patients and medical systems. The threat of 
antibiotic resistance and infection is an important 
issue especially when antibiotics are used long-
term or repeatedly. Furthermore, there are adverse 
effects and limited availability of growth factor 
therapies and sophisticated wound-care products. 
Most importantly, many current therapies are not 
able to address both oxidative stress and chronic 
inflammation, which are major causes of delay 
healing in diabetic wounds. These drawbacks 
point to the fact that alternative or complementary 
therapies that are safe and can regulate various 
pathological pathways are needed.11,23

	 Therapeutic Potential of Medicinal Plants 
in Diabetic Wound Healing: Medicinal plants have 

been traditionally used for centuries to treat wounds 
and skin diseases. In recent years, there has been 
growing scientific interest in their therapeutic 
value in the management of diabetic wounds 
because they are capable of affecting a number of 
pathological pathways that cause delayed wound 
healing.
Rationale for using medicinal plants
	 Multi-Target Action: Diabetic wound 
healing is Impaired by a complex set of factors such 
as oxidative stress, chronic inflammation, impaired 
angiogenesis and decreasing collagen synthesis. 
In contrast to single-target synthetic drugs, 
medicinal plants possess a variety of bioactive 
compounds, which can act simultaneously on 
multiple molecular pathways. This principle of 
multi-target is specifically effective in diabetic 
wounds, where the complex pathophysiological 
mechanisms are simultaneously present and must 
be modulated in a coordinated manner.24

	 Antioxidant and Anti-Inflammatory 
Properties: Polyphenols, flavonoids, alkaloids, and 
terpenoids are abundant in a number of medicinal 

Fig. 1. Comparison of normal and diabetic wound healing processes. Normal wound healing progresses through 
haemostasis, inflammation, proliferation, and remodelling in a coordinated manner. In contrast, diabetic wounds 
exhibit prolonged inflammation, impaired angiogenesis, reduced collagen deposition, and delayed remodelling. 
These alterations are primarily driven by hyperglycaemia-induced oxidative stress and chronic inflammation. 

Evidence derived from in vivo diabetic models and clinical observations supports these pathological differences
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Fig. 2. Molecular interplay between oxidative stress and inflammation in diabetic wound healing. Excess reactive 
oxygen species (ROS) activate NF-êB signalling and inflammasome pathways, resulting in increased production 
of pro-inflammatory cytokines (TNF-á, IL-6, IL-1â). These cytokines further enhance ROS generation through 

NADPH oxidase and mitochondrial dysfunction, creating a self-perpetuating cycle. The Nrf2/Keap1 pathway acts 
as a protective antioxidant mechanism. This model is supported by in vitro and in vivo studies, with additional 

mechanistic insights from in silico analyses.

plants and possess strong antioxidant and anti-
inflammatory properties. These antioxidants 
neutralise reactive oxygen species (ROS), augment 
endogenous antioxidant responses and inhibit the 
synthesis of pro-inflammatory cytokines including 
TNF-á, IL-6, and IL-1â. Plant-based therapies help 
restore a favourable wound microenvironment by 
minimizing oxidative stress and inflammation and 
enhancing tissue healing in diabetic patients.7,25

	 Affordable and Easy to access: Medicinal 
plants are typically inexpensive and widely 
accessible, particularly in developing and low-
resource countries where the prevalence of diabetes 
is increasing rapidly. Plant-based treatments are a 
cheaper alternative to more complex wound-care 
products and growth factor therapies, with minimal 
reported side effects. This ease of access makes 
medicinal plants a compelling option for long-term 
management of chronic diabetic wounds.26

Mechanisms of action
	 Free Radical Scavenging: Antioxidants 
present in medicinal plants have the ability to 
counter excess ROS produced in excess under 
hyperglycaemic conditions. The medicinal plants 
prevent oxidative damage of cellular proteins and 
DNA and which helps maintain fibroblasts and 

keratinocytes intact that is necessary to maintain 
proper wound healing.27

	 Cytokine Suppression: Experimental 
studies in diabetic animal models (in vivo) 
have demonstrated that certain phytochemicals, 
such as curcumin and flavonoids, can modulate 
NF-êB signalling pathways. In vitro studies 
further support their anti-inflammatory effects, 
while in silico docking studies suggest potential 
molecular interactions with inflammatory 
targets.7,43                                                                                                                                                                            
	 Enhancement of Collagen Synthesis: A 
number of medicinal plants can induce growth of 
fibroblasts and increase the production of collagen, 
which helps in improved granulation tissue 
formation and high tensile strength of the healed 
wound. The improved collagen deposition restores 
the integrity and speed of wound contraction in 
diabetic models.29

	 Angiogenesis Promotion: Angiogenesis 
plays a vital role in the provision of oxygen and 
nutrients to the healing tissue. Phytochemicals, 
including flavonoids and alkaloids, stimulate 
endothelial cell migration and increase the 
expression of pro-angiogenic factors, including 
vascular endothelial growth factor (VEGF). 
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Fig. 3. Key oxidative stress biomarkers involved in diabetic wound healing. Elevated malondialdehyde (MDA) 
reflects lipid peroxidation, while decreased antioxidant enzymes such as superoxide dismutase (SOD), catalase 
(CAT), and glutathione (GSH) indicate impaired antioxidant defense. These biomarkers are commonly assessed 

in in vivo diabetic wound models.                                       

Better angiogenesis facilitates the development of 
granulation tissue and accelerated wound healing 
in diabetic wounds.30,42

Experimental evidence from medicinal plants 
in diabetic wound healing
	 In vivo studies using streptozotocin 
(STZ)-induced diabetic rat and mouse models 
have demonstrated improved wound contraction, 
epithelialisation, and collagen deposition following 
treatment with medicinal plant extracts.
Commonly studied medicinal plants
Argemone mexicana
	 Argemone mexicana has traditionally 
been used for the treatment of skin disorders and 
wounds. In experimental studies using diabetic 
rodents, topical or oral application of A. mexicana 
extracts has shown significantly faster wound 
contraction and epithelialisation compared with 
controls. These effects are attributed to the high 
content of antioxidant and anti-inflammatory 
alkaloids and flavonoids. The diabetic wounds 
treated have consistently recorded a reduction in 
lipid peroxidation, improved collagen deposition, 

and enhancement of the formation of granulation 
tissue.16,31

Aloe vera
	 Aloe vera is among the widely researched 
medicinal plants in treating wounds. Aloe vera 
gel has been reported to stimulate fibroblast 
growth, collagen production, and angiogenesis 
in STZ induced diabetic models. It has bioactive 
components such as polysaccharides and phenolic 
compounds that inhibit oxidative stress, inhibit 
inflammatory cytokine production leading to 
accelerated wound healing and improve tissue 
architecture.32 
Moringa oleifera
	 Moringa oleifera has a strong antioxidant 
and anti-inflammatory property as it contains high 
level of polyphenols, vitamins, and flavonoids. 
There is evidence that M. oleifera extracts in 
animal models of diabetic wounds enhance 
wound contractions, antioxidant enzymes (SOD, 
CAT, GSH), and reduced inflammatory cytokines 
(TNF-á, IL-6). Histology shows increased 
neovascularisation and collagen deposition in 
groups where treatment is done.33
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Table 1. Summary of medicinal plants used in diabetic wound healing (topical vs systemic evidence)

Plant Name	 Active 	 Experimental 	 Route of 	 Dose/	 Key Outcomes
	 Constituents	 Model	 Administration	 Formulation

Argemone 	 Alkaloids, 	 STZ-induced 	 Topical	 Ointment/	 Enhanced wound 
mexicana	 flavonoids	 diabetic rats		  extract	 contraction and 
					     reduced inflammation
Aloe vera	 Polysaccharides, 	 STZ-induced 	 Topical	 Gel	 Increased collagen 
	 phenolics	 diabetic rats			   synthesis and 
					     epithelialization
Moringa 	 Polyphenols, 	 STZ-induced 	 Oral 	 Extract	 Improved antioxidant 
oleifera	 flavonoids	 diabetic rats	 (systemic)		  enzyme levels 
					     (SOD, CAT, GSH)
Curcuma 	 Curcumin	 STZ-induced 	 Oral and 	 Extract/gel	 Reduced NF-êB 
longa		  diabetic mice	 topical		  activity, improved 
					     wound healing and 
					     collagen deposition

Fig. 4. Proposed research pipeline for the development of medicinal plant–based therapies for diabetic wound 
healing. The process includes phytochemical characterization, in vitro screening, in vivo validation in diabetic 
models, pharmacokinetic and toxicity evaluation, formulation development, and clinical trials to ensure safety 

and efficacy

Curcuma longa
	 Based on its remarkable wound-healing 
properties, Curcuma longa (turmeric) and curcumin 
as its active constituent were tested in diabetic 
animal models. Curcumin has a strong antioxidant 
and anti-inflammatory effect, which suppresses 
NF-êB signalling and leads to a reduction in 
oxidative stress. Curcumin therapy proves to 
be more effective in wound contraction, tensile 
strength and collagen organization and reduces 

inflammatory cells infiltration in excision and 
incision wound model.34

	 To improve translational clarity, studies 
on medicinal plants in diabetic wound healing can 
be categorized based on route of administration 
(topical vs systemic), as summarized in Table 1.
Evidence from animal models
	 STZ-Induced Diabetic Wound Models: The 
STZ-induced diabetic rodent model is commonly 
used to replicate chronic hyperglycaemia and 
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compromised wound healing in human diabetes. 
This model is characterized by a sustained increase 
in blood glucose levels along with a reduction in 
oxidative stress markers following treatment with 
medicinal plant therapies which promote improved 
wound healing responses. Improved antioxidant 
defence levels and reduced malondialdehyde levels 
are also commonly observed outcomes.4,35

	 Excision and Incision Wound Studies: 
Excision wound models are typically used to 
determine wound contraction, epithelialisation 
time, and granulation tissue formation whereas 
incision models determine tensile strength and 
collagen maturation. Medicinal plant studies 
indicate enhancement of wound healing, a 
reduction in epithelialisation time as well as 
increased tensile strength in comparison to non-
treated diabetic controls implying that healed 
wound tissue has a greater structural integrity.5

	 Biomarkers and histopathological 
findings: The typical biochemical findings in 
plant-treated diabetic wounds include reduced 
levels of pro-inflammatory cytokines (TNF-á, 
IL-6, IL-1â) and oxidative stress markers, along 
with increased antioxidant enzyme activity. The 
further confirmation of the enhanced healing is 
obtained through the histopathological analysis 
which demonstrates the existence of organized 
collagen Fibers, improved angiogenesis, decrease 
in inflammatory infiltration, and normal tissue 
architecture.8

Molecular and in silico approaches supporting 
herbal therapy in diabetic wound healing
	 Recent advances in computational biology 
have enabled the application of in silico methods 
especially the molecular docking method to help 
justify the use of medicinal plants in the treatment 
of diabetic wounds and their therapeutic potential. 
These methods complement of in vivo and in 
vitro experiments that can give molecular details 
on the interaction between phytochemicals and 
the important biological targets associated with 
oxidative stress and inflammation.
	 Role of Molecular Docking: Molecular 
docking is a computational technique applied 
to estimate binding orientation, affinity and 
interaction patterns of small molecules (ligands) 
and target proteins (receptors). In the context of 
diabetic wound healing docking research assists 

in determining the interaction of the plant-derived 
bioactive compounds with enzymes, transcription 
factors and cytokines involved in the oxidative 
stress pathways associated with inflammatory 
mechanisms. This method enables the rapid 
screening of phytochemicals, reduces experimental 
costs and offers mechanistic data to support the 
traditional use of herbs.36

	 Interaction of Phytochemicals with 
Inflammatory and Oxidative Targets: In silico 
molecular docking studies suggest potential 
binding interactions between phytochemicals and 
inflammatory or oxidative stress–related targets; 
however, these findings remain predictive and 
require validation through in vitro and in vivo 
studies.  Notably, docking scores against NF-êB 
and COX-2 are high for curcumin from Curcuma 
longa and quercetin-like flavonoids in agreement 
with their anti-inflammatory actions. antioxidant 
and inflammatory targets have shown early signs 
of binding by alkaloids and phenolics of Argemone 
mexicana, which supports its reported wound-
healing activity.15,37

	 Supporting Experimental Findings: 
The scientific inferences derived from molecular 
docking are generally consistent with experimental 
data. Phytochemicals with high binding affinity to 
the inflammatory or oxidative stress related target 
in silico are often correlated with lower levels 
of cytokines, reduced of lipid peroxidation and 
increased levels of antioxidant enzyme activity in 
animal wound models. The results of these studies 
show again the biological applicability of docking 
outcomes and confirm the use of phytochemicals 
as multi-target agents in diabetic wound 
healing.                                                                                                                                                                                                   
	 Combination of in silico docking with 
in vivo data therefore offers a comprehensive 
perspective in the entirety of the molecular 
processes of herbal therapy. Such a combination not 
only helps to validate traditional medicinal claims 
but also helps to identify lead compounds upon 
which future drug development may be made.38

Challenges and limitations in the use of 
medicinal plants for diabetic wound healing
	 The use of medicinal plants is promising 
in experimental research but has various limitations 
but faces several limitations that impede its 
application in global clinical practice. These 
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drawbacks are mainly attributed to extract 
variability, non-standardization, and inadequate 
clinical validation.
	 Variability in Plant Extracts: The 
considerable variability in herbal extracts is 
one of the biggest issues of herbal therapy. The 
phytochemical content of medicinal plants may 
differ widely depending on the plant species, 
geographical and climatic conditions, soil 
condition, time of harvest, and mode of extraction. 
This inconsistency arises from the variability of 
concentrations of bioactive compounds which 
leads to unpredictable therapeutic effects and 
reproducibility problems across various studies. 
This inconsistency in diabetic wound healing 
makes the comparison of experimental results 
more complicated and limits the validity of the 
plant-based interventions.38

	 Lack of Standardization: Standardization 
of herbal formulations remains a major limitation. 
In comparison to synthetic drugs, the majority of 
medicinal plant extracts have no standard protocols 
for dosage, formulation, and quality control. 
Differences in extraction solvents, handling 
methods and storage conditions also influence 
stability and bioactivity. It is challenging to achieve 
batch-to-batch consistency, safety, and optimum 
dosing when treating diabetic wound because of 
the lack of validated biomarkers that can be used 
for standardization. There are also regulatory issues 
that surround herbal products that hinder their 
translation from laboratory research to clinical 
application.39

	 limited Clinical Trials: There is no doubt 
that there are several in vivo studies that have used 
medicinal plants to establish a wound-healing 
property in diabetic animal models; however, 
there is a dearth of well-designed clinical trials 
in humans. The Majority of existing data are 
preclinical and it is difficult to extrapolate such 
studies to diabetic wounds in humans due to 
physiological and metabolic differences. Also, the 
clinical trials are usually plagued by small sample 
sizes, absence of adequate controls and sufficient 
duration of follow-up. The limited availability 
of large, randomized, controlled clinical trials 
evaluating herbal treatments restricts the adoption 
of herbal therapeutics in traditional diabetic wound 
treatment.36

Future perspectives in medicinal plant–based 
therapy for diabetic wound healing
	 Medicinal plants have demonstrated a 
considerable of promise in enhancing the healing 
of diabetic wounds; however, to accomplish 
their clinical implementation in the future, future 
research should address several critical gaps. The 
therapeutic potential of plant-based interventions 
needs to be fully maximised, and this can only be 
effectively done through advancements made in 
the areas of standardization, integrative research 
methods and well-designed clinical studies.
	 Need for Standardized Formulations: 
Standardisation of herbal preparations is among 
the primary concerns that future studies need to 
focus on. Standardization refers to the definition of 
the phytochemical profile, proper identification of 
the bioactive markers, batch-to-batch consistency 
and optimised dosing regimens. Quality control 
and reproducibility may be supported by advanced 
analytical methods, including high-performance 
l iquid  chromatography (HPLC),  l iquid 
chromatography-mass spectrometry (LC-MS), 
nuclear magnetic resonance (NMR) spectroscopy. 
This will increased safety, efficacy, and regulation 
acceptability of the medicinal plant products in the 
treatment of diabetic wounds because of the use of 
standardized formulations.40

	 Integration of Molecular and Experimental 
Studies: Future research should focus on integrative 
approaches that incorporating in silico, in vitro and 
in vivo techniques. Network pharmacology and 
molecular docking can be used to identify essential 
phytochemicals and forecast their behaviour 
with harmful consequences of oxidative stress 
and inflammatory age predict their interactions 
with key targets involved in oxidative stress and 
inflammatory processes. Such findings must then 
be confirmed by conducting experimental studies 
on diabetic wound models supported by biomarker 
and histopathological analyses. This kind of 
integration will result in a deeper, mechanistically 
grounded scientific understanding and faster 
identifying of lead compounds that can be used to 
develop some therapeutic benefits.38,40

	 Translation from Animal Models to 
Clinical Use: Animal studies offer valuable 
information on the mechanisms of wound-healing 
but significant challenges remain in translating this 
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information to clinical practice. Any future study 
should aim at implementing well designed clinical 
trials to determine the safety, efficacy and long-term 
effects of the medicinal plant-based interventions 
in diabetic patients. Further translational success in 
deliberation of proper delivery systems, interpatient 
variability and incorporation of combination 
therapy with conventional therapies must also be 
addressed. Bridging studies between preclinical 
and clinical research are required to fill this gap to 
incorporate herbal remedies in the evidence-based 
approach to diabetic wound care.8,40

DISCUSSION

	 Diabetic wound healing remains a 
significant clinical challenge due to persistent 
hyperglycaemia, oxidative stress, chronic 
inflammation, and impaired angiogenesis, all of 
which collectively delay tissue repair. Increasing 
evidence indicates that oxidative stress and 
inflammation act synergistically to maintain 
diabetic wounds in a prolonged inflammatory 
phase, preventing progression to proliferation and 
remodelling. Excessive production of reactive 
oxygen species (ROS) activates redox-sensitive 
signalling pathways such as NF-êB, leading to 
sustained release of pro-inflammatory cytokines 
including TNF-á, IL-6, and IL-1â, which impair 
fibroblast function, collagen synthesis, keratinocyte 
migration, and neovascularisation.
	 Medicinal plants have emerged as 
promising multi-target therapeutic agents capable 
of addressing these interconnected pathological 
mechanisms. Bioactive phytochemicals such as 
flavonoids, alkaloids, phenolics, and terpenoids 
have been reported to exhibit antioxidant and anti-
inflammatory activities. Evidence from in vitro 
and in vivo studies suggests that medicinal plants 
may modulate oxidative stress and inflammatory 
pathways; however, most findings remain 
preclinical and require clinical validation. These 
compounds are reported to scavenge free radicals, 
enhance endogenous antioxidant defences (SOD, 
CAT, GSH), suppress inflammatory cytokine 
production, and promote collagen deposition 
and angiogenesis. Experimental findings from 
streptozotocin-induced diabetic wound models 
consistently report accelerated wound contraction, 
improved epithelialisation, enhanced tensile 

strength, and better histopathological organization 
following plant-based treatment.
	 Furthermore, molecular docking studies 
provide mechanistic support by demonstrating 
strong binding interactions between phytochemicals 
and key inflammatory and oxidative stress–related 
targets such as NF-êB, COX-2, TNF-á, and IL-6. 
These in silico findings complement in vivo data 
and reinforce the concept that medicinal plants 
exert therapeutic effects through modulation of 
multiple molecular pathways rather than single-
target mechanisms.
	 Although the majority of current evidence 
remains preclinical, the accumulated data highlight 
the therapeutic potential of medicinal plant–derived 
compounds as complementary or alternative 
strategies for diabetic wound management. 
However, translation into clinical practice requires 
standardized formulations, comprehensive toxicity 
profiling, well-designed randomized controlled 
trials, and optimized delivery systems. Future 
integrative approaches combining molecular, 
experimental, and clinical investigations will 
be essential to establish safety, efficacy, and 
reproducibility in human diabetic wound care.
	 Although the present review considers 
multiple mechanistic interpretations linking 
oxidative stress and inflammation to impaired 
diabetic wound healing, alternative explanations 
may also contribute to the observed outcomes. 
For instance, factors such as microbial infection, 
neuropathy, and vascular insufficiency may 
independently or synergistically influence wound 
healing processes. Furthermore, most of the 
available evidence is derived from preclinical 
animal models, which may not fully replicate 
human pathophysiology. Therefore, additional 
studies, particularly well-designed clinical trials, 
are required to validate these findings and explore 
other potential mechanisms involved in diabetic 
wound repair.
	 While antioxidant and anti-inflammatory 
strategies show considerable promise, several 
important limitations must be acknowledged. 
Excessive suppression of reactive oxygen 
species (ROS) may impair essential host defense 
mechanisms, including microbial clearance 
and immune cell function. In addition, certain 
phytochemicals may exhibit dual biological effects; 
for example, while promoting angiogenesis, they 
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may also contribute to excessive fibrosis depending 
on dose, duration, and wound environment. 
Another key limitation is the poor bioavailability 
of some compounds, such as curcumin, which may 
restrict their clinical applicability despite strong 
preclinical efficacy.
	 Safety considerations are also critical, as 
plant-derived therapies may cause local irritation, 
allergic reactions, or systemic toxicity, particularly 
in the case of alkaloid-containing extracts. 
Furthermore, potential herb–drug interactions 
must be considered in diabetic patients receiving 
multiple medications, as such interactions may alter 
therapeutic efficacy or increase adverse effects.
	 Additionally, diabetic wounds are 
heterogeneous, including neuropathic, ischemic, 
and neuro-ischemic types, each characterized 
by distinct pathophysiological mechanisms. 
Therefore, therapeutic responses to medicinal 
plant–based interventions may vary depending 
on wound type, highlighting the need for more 
personalized and condition-specific treatment 
strategies.
	 As discussed earlier, oxidative stress and 
inflammation interact through pathways such as 
NF-êB to impair wound healing.
Safety and Translational Challenges
	 Despite the promising therapeutic potential 
of medicinal plants in diabetic wound healing, 
several safety and translational challenges must 
be carefully considered. Certain phytochemicals 
may produce adverse effects, including local skin 
irritation, allergic reactions, and, in some cases, 
systemic toxicity, particularly with prolonged 
use or high doses. Alkaloid-containing plants, for 
example, may exhibit cytotoxic or hepatotoxic 
effects if not properly standardized.
	 In addition, herb–drug interactions 
represent a significant concern in diabetic patients 
who are often on multiple medications. Some plant-
derived compounds can modulate cytochrome 
P450 enzymes, potentially altering the metabolism 
of commonly prescribed drugs such as antidiabetic 
agents, anticoagulants, and antiplatelet medications. 
This may lead to either reduced therapeutic efficacy 
or increased risk of adverse effects. For instance, 
certain phytochemicals may enhance bleeding 
risk when used concomitantly with anticoagulant 
therapy.

	 Furthermore, regulatory and quality 
control issues pose major barriers to clinical 
translation. Variability in plant sources, extraction 
methods, and formulation processes can lead to 
inconsistent concentrations of active constituents. 
The presence of contaminants such as heavy 
metals, pesticides, or microbial toxins further 
complicates safety assessment. Therefore, the 
development of standardized formulations with 
well-characterized bioactive markers, along with 
stringent quality control and regulatory oversight, 
is essential for ensuring reproducibility, safety, and 
clinical applicability of plant-based therapies.
	 Quantitative outcomes reported in 
preclinical studies further support the therapeutic 
potential of medicinal plants; however, variability 
across models and study designs should be 
considered.

CONCLUSION

	 Prolonged hyperglycaemia, oxidative 
stress, chronic inflammation, poor angiogenesis, 
and imbalanced collagen remodelling are among 
the key factors that adversely effect on diabetic 
wound healing, a multifactorial process. The 
wound healing and repair process involves a 
finely tuned balance of haemostasis, inflammation, 
proliferation, and remodelling, but in diabetes, 
chronic non-healing ulcers are caused by a 
lengthening of an inflammatory response time, high 
production of reactive oxygen species (ROS), and 
immune dysfunction.
	 Oxidative stress and inflammation 
develop as key, interconnected contributors of 
poor wound healing in diabetes. ROS generated 
by hyperglycaemia trigger redox-sensitive 
inflammatory mechanisms including NF-êB, 
leading to chronic expression of pro-inflammatory 
cytokines, including TNF-á, IL-6, and IL-1â. These 
mediators also augment oxidative injury, inhibit 
fibroblast and keratinocyte activities, hamper 
angiogenesis and accelerated degeneration of the 
extra cellular matrix. The subsequent vicious cycle 
of oxidative stress and inflammation inhibits wound 
healing and increases morbidity and risk of limb 
amputation in diabetic individuals.
	 Concurrent targeting of oxidative 
stress and inflammation is therefore a sound and 
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promising method of therapy. Multi-target actions 
provide medicinal plants with a clear advantage 
in this respect. Medicinal plants show significant 
therapeutic potential as complementary approaches 
in diabetic wound management; however, their 
routine clinical use requires further validation 
through well-designed clinical studies. Although 
there are current problems associated with 
standardization and limited availabilities of clinical 
trials, a vast pool of preclinical and mechanistic 
data shows the great potential of medicinal plants 
to be used as an addition or alternative treatment to 
diabetic wound care. These promising discoveries 
will require the future incorporation of standardized 
formulations, molecular docking, experimental 
validation, and well-designed clinical studies that 
will translate the promising findings into effective, 
affordable and accessible therapies in diabetic 
wound healing.
	 The interplay between oxidative stress and 
inflammation remains central to diabetic wound 
pathology.
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